Article Info Received : 05.01.2016 Accepted : 18.04.2016 Lettuce plants were grown under sandy soil conditions in the private farm of Ahmed Orabi organization, Cairo Governorate Egypt, between 15 th November 2009 and 15 January 2010. The experiment was conducted to assess the effects of different nitrogen sources, slow release N (urea-formaldehyde) and fast release N (urea) containing fertilizers at the rates of 0, 60, 90 and 120 kg N ha -1 applied alone or combined with potassium sulphate, on lettuce plant yield. Results indicated that application of different sources of N alone or combined with potassium sulphate gave the highest fresh dry weight per plant and total lettuce yield per hectare compared with the control. The highest dry weight of lettuce was achieved with the combination of urea and potassium sulphate. Although fertilization made with the combination of urea and potassium sulphate resulted in the highest P, K, Zn and Mn contents in lettuce plant, fertilization with urea alone gave the highest N and Fe contents. The lowest content of nitrate in lettuce plants was recorded with the fertilization of urea only or with the combination of urea and potassium sulphate. Application of the combination of urea and potassium sulphate induced the highest protein content in plants. The results indicated that application of urea-formaldehyde as a slow release nitrogen fertilizer solely or combined with potassium sulphate significantly improved yield and yield quality of lettuce plants grown in sandy soil.
Introduction
Lettuce (Lactuca sativa L.) is the most popular crop among the salad vegetables, which requires nitrogen (N) for growth and development. Nitrogen fertilizers such as; ammonium sulphate, ammonium nitrate or calcium nitrate positively affects fresh and dry plant weights, plant diameter and the number of total marketable leaves, whereas the yield and other yield components remained unaffected by N sources (Bozkurt et al., 2009 , Gülser et al., 2010 . Plants absorb N from the soil in the form of ammonium (NH4 + ) and nitrate (NO3 -), which is converted into NH4 + to forms of proteins and other N containing substances in plant (Cash et al., 2002) . Some vegetable crops, especially those with short lifespan such as lettuce, have the ability to accumulate proportionally nitrate. Nitrate accumulation in plant can be hazardous to human health because nitrate can be reduced to nitrite in the body and cause methemoglobinemia. Furthermore, there is a possibility of formations of N-niroso compounds from nitrite and secondary N compounds in the human stomach (Breimer, 1982) . According to WHO (1995) , the acceptable daily intake of nitrate is between 0 and 3.65 mg kg -1 of body weight. Leafy vegetables such as spinach, lettuce and celery contain nitrate at significant levels (Maynard et al., 1976) . Many studies were conducted to decrease nitrite and nitrate accumulation in vegetables. Byrne et al. (2001) found that increasing rates of N in soils caused an increase in nitrate accumulation in lettuce, particularly in outer leaves. Moreover, there are evidences that the slow release N fertilizers increased the efficiency use of N and minimized the loss of N in form of ammonia gas (NH3) by volatilization and leaching of NO3 -from soils, which pollute the underground water. Hegde (1997) reported that application of slow release N fertilizers was very effective in increasing nutrient use efficiency, crop production and reducing nutrient lose. Potassium (K) is an essential nutrient element for plant growth and taken up from the soil solution by the plant roots in the form of potassium ion (K + ). Potassium is very mobile within the plant and its deficiency symptoms in plants appear first in the old leaves (Tisdale et al., 1993) . Potassium is directly involved in enzyme activation, maintenance of water status, energy relations, and translocation of assimilates and protein synthesis. K regulates cellular turgid pressure to avoid wilting, which in turn controls the stomata opening and hence greatly enhances drought tolerance (McCarty, 2005) . Potassium occurs as single-valued K cation; however, K containing fertilizers differ in their accompanying anions i.e. Cl -, SO4 -2 and NO3 -which act differently on the chemical composition of plants (Nurzyński and Michałojć, 1998) . Therefore, the objectives of this study were to determine the effects of urea and urea-formaldehyde as N sources applied alone at different rates or combined with potassium sulphate, on nutrient contents, yield quantity and quality of lettuce plant, and some soil chemical properties.
Material and Methods
A field experiment was conducted on a sandy soil in the private farm of Ahmed Orabi organization, Cairo Governorate, Egypt, between 15 th November 2009 and 15 January 2010. Some physical and chemical properties of the top layer of soil (up to 30 cm) were determined and given in Table 1 . Seeds of lettuce, Dark green cultivar, were planted in a Try, and kept at greenhouse state place and environmental conditions. The seedlings of lettuce were then transplanted in plots (3.5 x 3 m) at the field, spacing 25 cm within row and 50 cm between rows. Plants were irrigated by drip irrigation systems and received all agricultural practices needed such as weed control and pest management. Two sources of N were used, urea (46.5% N) and urea-formaldehyde (38% N) at the rates of 0, 60, 90 and 120 kg N ha -1 . Potassium in form of K2SO4 was applied at a rate of 75 kg K2O ha -1 equivalent to 62.25 kg K ha -1 . Phosphorus was applied uniformly as calcium superphosphate at a rate of 30 kg P2O5 ha -1 equivalent to 12.5 kg P ha -1 . Cattle manure was added to the soil at a rate of 40 m 3 ha -1 before land preparation. Urea-formaldehyde as a slow N release form was applied during the land preparation. During the growing season urea as a fast N release form and K (K2SO4) were added to the soil at one week intervals at the rates of 20 kg N ha -1 and 15 kg K ha -1 with irrigation water, respectively. Treatments were arranged in a randomized complete block design with three replicates. At the harvesting date five plants were sampled from each plot. The fresh weight of each plant was determined using electronic balance. Then plant samples were dried in an oven at 70 0 C for 72 h and milled. Dry matter was used for plant nutrient content analysis in tissue. Total N content was determined by the Kjeldahl method (Nelson and Sommers, 1980) . Potassium was determined by emission flame photometer, while iron (Fe), manganese (Mn) and zinc (Zn) were determined by the atomic absorption spectro photometer (Perkin Elmer Analyst 100). To obtain plant sap, complete plants were smashed until a homogenous paste was obtained. Then NO3 -was determined based on the procedures compiled by Chapman and Pratt (1978) . Protein was determined multiplying total N percentage by 6.25. After harvesting, soil samples from each treatment were collected, mixed, air-dried, sieved by a 2-mm wire mesh sieve and used to determine soil pH and electrical conductivity (EC) (Smith and Doran, 1996) . Phosphorous was determined colorimetrically using the molybdephosphoric blue colour method in sulphuric acid system as described by Jackson (1958) . Potassium was extracted with neutral 1 N ammonium acetate and its amount was estimated by emission flame photometer (Jackson, 1958) .
Statistical analysis
All data were subjected to statistical analysis of variance and treatment means were compared according to the Least Significant Differences (LSD) test method as described by Snedecor and Cochran (1980) .
Results and Discussion

Fresh and dry weights of lettuce plants
The fresh and dry weights of lettuce increased when they were fertilized with different sources of N alone or combination with K2SO4 over the control (Table 2) . Table 2 . Effects of different N sources and K fertilization on fresh, dry and total fresh weights of lettuce plant. It is evidence that increasing level of N fertilizer was associated with an increase in both fresh and dry weights of lettuce plants where the highest increase was observed at 120 kg N ha -1 . However, the highest level of urea-formaldehyde induced significantly higher fresh and dry weights when compared with the plants fertilized with the highest rate of urea. These findings concur with the results obtained by Guertal (2009) urea increased crop yield when compared with the standard split application of soluble N. Using slow release N fertilizers in vegetables reduces the environmental risk and production costs. Applications of N and K at higher levels significantly increased the fresh and dry weights of the lettuce plants. When urea was combined with K, higher fresh and dry weights were achieved than that of plants fertilized with urea alone. These results are in agreement with the findings of Gülser (2005) and Stagnari et al. (2007) who indicate that the yield of spinach was increased by increasing the rates of N fertilizer. Nurzyńska-Wierdak (2009) indicated that the increase in the amounts of N and K application generally contributed to an increase in fresh leaf weight and yield. Abdel-Motagally and Osman (2010) found that increasing N and K fertilizer rates resulted to a significant increase in yield compared to the other treatments. Volterrani et al. (1999) indicated that the use of slow release N fertilizers made it possible to reduce N loss by leaching. Also, Hegde (1997) used slow release N fertilizers for some Solanaceous vegetable crops and found that these fertilizers were very effective in increasing nutrient use efficiency, crop production and reducing nutrient losses Nutrient contents in lettuce plants The application of different levels of N from different sources alone or combined with potassium sulphate increased the concentrations of N, P, K and Ca in the lettuce plants compared with control plants (Table 3) . In general, the highest values of N concentration in lettuce plants were recorded in plants fertilized with 120 kg N ha -1 regardless of the sources of N, whereas, the highest values of P, K and Ca amounts in the lettuce plant were achieved in the plants received 90 kg N ha -1 irrespective to the form of N fertilize. Increasing the rates of N up to 90 kg N ha -1 was associated with an increase in P, K and Ca concentrations in the lettuce plants. However, increasing the rates of N beyond this level was accompanied by a decrease in the contents of P, K and Ca, but this decrease was still higher than that of control, presumably due to the dilution on these nutrients in plant tissues. Similar results were obtained by Stagnari et al. (2007) who found that K content in spinach plants was decreased by increasing rates of N up to 200 kg ha -1 . Zarei (1995) reported that application of high rates of N decreased the absorption of P in spinach plants. Likewise, the mean values of N, P, K and Ca in N applied as urea-formaldehyde form were higher than that in N applied as urea form.
When N fertilizer was applied with potassium sulphate, the amounts of N and Ca in plants were lower than that in plants fertilized with higher rates of N alone. In contrast, higher values of P and K contents were registered in the plants received a combination of N and potassium sulphate. Results also indicated that an application of potassium sulphate + urea-formaldehyde increased the values of N, P, K and Ca contents and the mean values were 3.56%, 0.51%, 5.31% and 2.12%, respectively.
Although, the amount of Fe, Zn and Mn increased considerably in the plant tissues, when N was applied alone or combination with potassium sulphate compared with the control (Table 3) . Urea-formaldehyde combined with potassium sulphate escalated the values of Fe, Zn and Mn by 771.30, 37.89 and 168.90 mg/kg, respectively. These results could be attributed to the soluble ions associated with the applied potassium which significantly increased the availability of micronutrients in sandy soil, probably due to physiological acidification of the rhizosphere. In addition, probably the apparent losses of applied N in ureaform treatment were low and the high uptakes of N promoted growth in lettuce plants, and thus stimulated more uptakes of the micronutrients. Hegde (1997) reported similar findings that the additional supply of sulphur from potassium sulphate contributed to the increase in S content in the lettuce plants. Böhme and Lua (1997) showed that K had beneficial effects on micronutrients uptake, transport and its availability in plants. Jurkowska and Rogoz (1981) reported that soil fertilization with nitrogen in the form of ammonium nitrate, calcium nitrate, urea and ammonium sulphate contributed to increased uptakes of Fe, Mn, Zn, Cu, Mo and B by barley plants. Hao et al. (2007) indicated that the transportation ability of micronutrients from root to shoot was improved with N fertilizer application.
Nitrate accumulation in lettuce
Effects of different sources and rates of N when applied alone or combined with potassium sulphate on nitrate concentration in plant tissues are given in Table 4 . The application of N fertilizer increased the nitrate contents of lettuce plants compared with the control. These findings are in consistent with those of Ahmadi et al. (2010) who found that the highest nitrate content was observed at the highest fertilizer level (200 kg N ha -1 ) compared with the control. Urea application caused greater nitrate content in lettuce plant than the urea-formaldehyde that prevented excessive accumulation of NO3 -in the vegetables, including lettuce plants and leaching of N from the soil (Hartrath, 1986; Guertal, 2009) . Lorenz (1978) suggested some methods for reducing NO3 -content in spinach which include use of low nitrate content cultivar, appropriate N fertilizer, application of ammoniac fertilizer associated with application of nitrification inhibitor, split N application rather than basal application and utilization of slow-release fertilizer. A higher decrease in nitrate content was recorded in plants fertilized with a combination of N and potassium sulphate than plants without K (Table 4) . Ahmed et al. (2000) demonstrated that application of P and K contributed to a decrease in nitrate concentration even when N was applied at a high rate. Similarly, Zong et al. (1997) proved that the increase in the rates of K fertilizer decreased nitrate accumulation in certain vegetables. Wang and Ito (1998) reported that increasing application rates of K fertilizers reduced nitrate accumulation in some vegetable crops. Moreover, Ali et al. (1985) reported that the enzyme nitrate reductase activity in the leaves and stems of rice plants supplied with K was higher than in those plants that are deficient in K. Sulphur deficiency therefore might lead to an increase in nitrate contents (Maynard et al., 1976) .
Protein content in lettuce plants
The results showed that total protein contents in the lettuce plants increased as a result of application of different N forms used alone or combined with potassium sulphate compared with the control (Table 4) . These findings showed that N fertilization increased absorption of N from soil and consequently increased the protein content of plant tissues. Investigation conducted by Mo et al. (1991) revealed that an application of slow release N fertilizer increased yield, amino acid and chlorophyll contents of soybean when compared with the ordinary urea. Soil properties after crop harvesting N fertilizer caused a reduction in the values of EC and pH of the soil compared with unfertilized soil (Table  5 ). When N was applied as urea-formaldehyde, EC and pH reduced slightly compared to application of urea. Utilizing N fertilizers either as urea or urea-formaldehyde elevated the amount of N, P and K in the soil when compared with control. Application of different sources of N with combination of potassium sulphate increased the EC of the soil above that of soil fertilized with slow release N fertilizer alone, application N and potassium sulphate together decreased the pH and the amounts of N and P in the soil, but increased the quantity of K. Table 5 . Some properties of the soil after harvesting the lettuce plants
Conclusion
Slow-release nitrogen fertilizers such as urea formaldehyde can be used as a pre-plant N nutrient source. It reduces production costs and eliminates the need for multiple applications of soluble N fertilizers. Furthermore, slow-release nitrogen fertilizers were able to decrease nitrate content of plants compared with urea application. 
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